Under the Canadian Fisheries Act, pulp and paper mills and metal mines must conduct a cyclical monitoring program for potential environmental effects that includes a fish survey. Study designs for the fish survey have been evolving over the past few years, and there has been increased emphasis on the use of small-bodied fish species. Increasing concerns about the potential impacts of sampling programs on the fish populations in smaller receiving waters have led us to develop non-lethal sampling methodologies that will satisfy the information requirements for the environmental effects monitoring program. This manuscript outlines the use of a non-lethal sampling program to collect information on age distributions, growth rates, reproductive performance and fish condition in populations of slimy sculpin inhabiting forested and agricultural sections of a small New Brunswick river.
Introduction
Pulp and paper industry-based regulations brought into effect in Canada in 1992 included a requirement for all pulp and paper mills to conduct an environmental effects monitoring (EEM) program. The objective was to determine whether their effluent was associated with any effects in the receiving environment. The EEM regulation required that effluent toxicity, invertebrate communities, and fish populations be monitored on a cyclical basis (Environment Canada and Department of Fisheries and Oceans 1992a,b) , with the first cycle of monitoring reporting in 1996 and the second cycle reporting in 2000. The current design of the fish survey requires the measurement of age, length, weight, liver weight, gonad weight, fecundity, and egg size (Environment Canada 1997 , 1998 . These parameters are used to provide information on age distributions, energy use (growth, reproductive effort), and energy storage (condition, liver size), which can be used to establish the health of the fish populations (Munkittrick et al. 2000) .
In cycle 1 of the pulp and paper EEM, the results of the fish survey were generally poor: only 8% of the studies were judged to be successful *Corresponding author; r55me@unb.ca based on the numbers of fish caught (FSEWG 1997; Munkittrick et al. 2002) . A number of generic problems were identified, and significant changes were made to the program to refine the approach. In fresh water, the dominant problems in cycle 1 were related to an inability to catch sufficient numbers of fish, uncertain exposure, problems with the suitability of reference sites, the presence of confounding factors, and incomplete or poor reporting of data (FSEWG 1997) . One of the major recommendations arising from the review of the first cycle of data was that there be more emphasis on sampling small-bodied fishes that would be more abundant, easier to catch and in many cases, have a smaller home range than species that were used in cycle 1 (Munkittrick et al. 2002) . Most small-bodied fish possess many characteristics desirable in a sentinel species including sufficient abundance, certainty of exposure (i.e., reduced mobility), relatively short life span, usually the absence of fishing pressure, and easily measured life history characteristics (FSWEG 1997; Gibbons 1997 ).
An EEM program is also under development for the metal mining industry in Canada (Environment Canada 2001) . Many mines are located in small headwater catchments, where small-bodied fish species are expected to be more abundant and to play a more prominent role in EEM. Small headwater streams typically have few species and low abundances of fish (Vannote et al. 1980) , and repeated sampling for a monitoring program could put fish populations at risk. While small-bodied species have been used to examine both point source (Gibbons et al. 1998a,b) and nonpoint source impacts (Fitzgerald et al. 1999) , the objective of this paper is to describe non-lethal sampling methodologies that could be used to satisfy the requirements of EEM programs in Canada.
This paper will use data from an ongoing study on non-point agricultural impacts to illustrate how information from non-lethal sampling can provide interpretable data on age distributions, energy use, and energy storage. The EEM program was designed to assess the status of these three factors, with the assumption that fish which are growing, reproducing, storing fat similar to reference populations, and with a similar age class structure as reference populations, will be considered "normal," and free from effects of exposure. The EEM sampling protocols were originally developed for sampling programs that lethally sampled the fish. To effectively utilize non-lethal sampling methodologies, it is necessary to describe protocols for surrogates for the required measurements to allow estimation of performance characteristics without lethally sampling the fish. This manuscript demonstrates how suitable surrogates can be developed using only length and weight measurements from wild fish, which can then be released alive.
Methods

Study Site
As part of a large study on the development of a cumulative effects framework for the Saint John River (New Brunswick), studies are being conducted on the health of fish populations in the Little River watershed, north of Grand Falls, New Brunswick. The Little River is a fourth-order river that originates in a forested landscape and drains predominantly agricultural lands in its lower reaches. The Saint John River watershed from Grand Falls to Hartland is one of the largest potato-farming regions in eastern Canada. The objective of the overall field study is to examine whether fish show changes in performance in the agricultural regions, and to identify the ecological mechanisms responsible for any changes.
The EEM program defined for the pulp and paper and metal mining programs requires the collection of data from a minimum of one nearfield and one reference site. The Little River study measures a broad suite of indicators at >20 sites within the watershed. For the purposes of the presentation of non-lethal sampling results, and their utility for measurements related to EEM, data will be drawn from a subset of sampling sites along the Little River selected for their similarity of physical characteristics ( Fig. 1) ; the subset of sites was selected based on the similarity of habitat but the results are representative of the other sites that have been sampled. Sites were classified based on the dominant surrounding landcover that was forested (reference), a transition area between forestry and agriculture (near-field), and an area where agriculture is the predominant land use (treatment). The Little River system has a relatively limited fish community, with brook trout (Salvelinus fontinalis) and slimy sculpin (Cottus cognatus) present throughout the system, and blacknose dace (Rhinichthys atratulus) and threespine stickleback (Gasterosteus aculeatus) appearing in small numbers in the downstream reaches. Only the slimy sculpin are sufficiently abundant to be used as an indicator species within specific reaches. The slimy sculpin is a benthic fish species found in most cool-water streams and rivers in the Northeastern United States, most of Canada, and Alaska (Scott and Crossman 1998) . Restricted mobility, due to territorial behaviour (Morgan and Ringler 1992) , and small home ranges ( Van Vliet 1964) , increase their utility as a sentinel species. The average life span of the slimy sculpin is 4 to 5 years, with a maximum size of approximately 10 to 12 cm. They are spring spawners, paternal nest guarders, with both sexes reaching maturation in approximately two years and with fecundities ranging from 100 to 1400 eggs ( Van Vliet 1964; Anderson 1985; Scott and Crossman 1998) .
Fish Collections
The first collection of sculpin was completed 17-26 August 1999. Sections of the river (90-360 m 2 ) were enclosed using barrier nets (1/8 in. mesh size) (Table 1) , and fish within the enclosed area were removed using a backpack electrofishing unit (Smith-Root Model C-15) and 2 to 3 individuals using dip nets. Three complete sweeps of the area were made and all fish captured were measured for total length (±1 mm) and wet weight (±0.1 g). If there were less than 100 sculpin collected within the enclosed area, additional electrofishing was done in the immediate upstream vicinity in order to attain 100 individuals, but density and catch per unit effort (CPUE) estimates were restricted to those fish captured within the enclosure. All fish were returned to the section of river from which they were collected after sampling was completed.
Additional sampling was also conducted 1-9 November 1999, 24-25 March 2000, 17-18 July 2000, and 22-29 August 2000. No barrier nets were used and a single sweep along each site was performed. The goal was to collect a minimum of 100 fish at each site, which were all measured for length (±1 mm) and weight (±0.01 g).
Statistical Analyses
Data were tested for differences between sites within a land-use type, and for the purposes of this presentation, were grouped by land-use type (forested, transition, agriculture) where significant differences were not seen between adjacent sites of the same land-use group. Length frequency distributions (2-mm size classes) were compared between regions using the two-sample Kolmogorov-Smirnov test. Young-of-the-year fish (YOY) were readily apparent (Table 2) , and these fish were analyzed separately to assess age-specific variability in growth rates. Log-transformed lengths and weights of sculpin, and condition factors of older sculpin were compared among sites using ANOVA, with post-hoc analysis of differences between sites using Tukey's HSD test. Length-weight relationships were calculated for older fish using least-squares regression on log-transformed data. Analysis of covariance (ANCOVA) was used to investigate lengthweight relationships among sites. A condition factor for all older sculpin was calculated as k = Weight (g)/Length 3 (mm) 10 5 . Statistical analyses were completed using SYSTAT 6.0 and Microsoft Excel spreadsheets, and alpha levels were set at 0.05, except for the Kolmogorov-Smirnov test (alpha = 0.10).
Results
Population Distributions
The original sampling design had included sampling areas above and below major tributaries, assuming that these tributaries would act as "point sources" of stressors coming into the system. There were no significant differences in the measured parameters for the size distributions of fish within regions or between sites, and the grouping of sites into regions served to increase the power of the statistical testing. The range of the lengths of sculpin caught in the three regions did not vary (Fig. 2) , however, the 25 th percentile of the populations increased in a downstream direction. There are several options for analyzing whether there is a difference in size between sites. Using ANOVA, there was a highly significant difference in mean length of all sculpin between these sites (p < 0.001). The mean lengths of sculpin from agricultural sites were greater than those collected from forested or transition sites. There were no significant differences in mean lengths from sites within a land-use region.
The frequency of lengths, or occurrence of size classes, can also be analyzed using non-parametric analyses. Conventional ranking tests will lose the details of the data associated with the distribution of the lengths (Sokal and Rohlf 1995) . The Kolmogorov-Smirnov test detects differences in frequencies between samples within a size range, but can only compare two samples at a time. The ability of the Kolmogorov-Smirnov test to assess the shapes of polymodal distributions reduces the power of the test but provides the most comprehensive test available for this type of data (Sokal and Rohlf 1995) , and it may be necessary to increase alpha levels to 0.10 due to the insensitivity of the test. Significant differences in lengthfrequency distributions were seen between the Forested and Agriculture region (p = 0.058), and the Transition and Agriculture region (p = 0.092; Fig. 3 ). There was no significant difference between the Forested and Transition region (p > 0.10).
Growth
Growth can be examined in several ways, including measuring the size of young-of-the-year (age 0) during their first growing season, and following changes in size distributions over seasons. With one exception, there were no differences in mean length or weight of YOY sculpin for individual sites with an upstream and downstream collection (p > 0.05). Age-0 sculpin increased significantly in length and weight in a downstream direction (p < 0.001; Table 2 ).
Growth was evaluated from changes in modal lengths of the earliest size class between samples collected in August and November (Fig. 4) . Both forested and agricultural populations had estimated growth rates for the age-0 fish of 0.1 mm/d over this time period. It would also be possible to estimate growth for the older age classes, but this requires some age validation for these size ranges due to the increased overlap in lengths for older age classes. Repeated sampling of sculpin at site A1 demonstrates the increase in size of age-0 fish over their first year of growth (Fig. 5) , and illustrates that the size range for this species overlaps significantly with older fish once sexual maturity has been reached.
Reproductive performance can be estimated from the proportion of the population that is represented by year-0 individuals. Using backpack electrofishing, YOY sculpin could be collected as early as late July, with lengths as small as 16 mm. At hatching in mid-June, the sculpin average 9.96±0.88 (SD) (n = 25) (Gray, Unpublished data). There were distinct trends in the percentage of the population comprised of age-0 individuals; YOY represented more than 40% of the populations in forested and transition areas, but 20% or less in the agricultural reaches (Table 2) , demonstrating a reduced reproductive success and survival of young fish in the agricultural reaches. There was no obvious difference in fishing effort between sites and regions, and densities of YOY and older sculpin were relatively consistent within a site for the forested and transition sites, but not for the agricultural sites (Table 1) .
Energy Storage
Condition factor is used within the EEM program, along with relative liver size, to give an indication of energy storage. Since liver size cannot be measured non-lethally, only condition can be used as an estimate of energy storage for fish that are live-released. While condition factor serves as a summary estimate, statistical comparisons must be made as an ANCOVA of length versus weight by site ( Fig. 6 ). Age-0 fish were removed from this analysis due to observation of scatter among very small fish, representative of the fact that most of the YOY sculpin were at the lower extreme of the capabilities of the scale (Fig. 6A) . The scale used to weigh fish in August 1999 was capable of measuring weights as low as 0.1 g. Removal of the youngest age class removed the bias of the scale and reduced the variability of the data (Fig. 6B) . This highlights the importance of ensuring that the measuring equipment is sensitive enough for all sizes of fish that may be encountered. All length-weight relationships were significant (p < 0.001), and coefficients of determination (r 2 ) were >0.90. There were no significant differences between slopes (p = 0.099); however, there was a significant difference between intercepts (p < 0.001). There was a significant difference between the mean condition factor from one forested site (F2-DS2) and all other sites (p < 0.05; Table 2 ). It does not appear that there is any biological significance of the reduced condition as the variability was highest at that site. Overall there were no significant trends with respect to the condition of sculpin found in the different regions.
Discussion
Slimy sculpin collected in waters draining forested and agricultural lands showed measurable differences in size and population structure using non-lethal sampling. The environmental effects monitoring program is designed to determine whether there are changes in fish popula- tion characteristics, specifically age structure and growth, and energy storage between reference (forested) and impacted (agricultural) areas.
The key parameters for EEM involve estimating age distributions, growth and reproduction, and condition factor. The objective of the sampling program is to detect differences in growth, reproduction and survival, and it assumes that fish which are growing, reproducing, and storing fat similar to reference populations, and living to an age indistinguishable from reference populations, will be considered "normal," and free from effects of exposure. This paper demonstrates that it is possible to collect information on the growth, reproduction and energy storage of fish without lethally sampling the populations. This will be useful within an EEM program when a fish survey program threatens fish populations because of their size or vulnerability.
Comparing the distributions of ages of fish in a population can be conducted through direct measurement of the ages of fish by enumerating growth zones in calcified tissues, or indirectly by assessing size-frequency plots. The most commonly used method is the analysis of the growth zones found in otoliths, external scales, fin rays, vertebrae, or bones such as the cleithrum or operculum (Bagenal and Tesch 1978) . With the exception of fin rays and scales, the removal of aging structures is lethal. Slimy sculpin lack scales, and for species with no knowledge of the accuracy of fin rays for ageing (i.e., experimental evidence and method validation), non-lethal estimation of ageing becomes dependent on size-frequency plots (Petersen method). This is a graphical representation of the size distribution of a representative sample taken from a local population. In most wild fish populations, there is a natural modal distribution of similarly aged fish that corresponds to age classes (e.g., Bagenal and Tesch 1978) .
Due to the rapid, early growth of the slimy sculpin, the first age class was easily identified from length-frequency distributions and could be followed through the seasons during the first year as the mode shifted to the right. The age discrimination of the youngest fish appears to break down in the spring when overlap broadens between fast growing age-0+ fish and slower growing age-1+ fish. Similarly, Van Vliet (1964) found that immature sculpin continue growth in length and weight approaching the breeding season, whereas growth in mature fish slows as energy is diverted towards reproduction. Sub-sampling of fish from greater length classes can be done to verify fish ages. Van Vliet (1964) compared slimy sculpin length frequency histograms with otolith data and found that the two agreed quite closely.
The recent emphasis within EEM programs on using small-bodied species (Munkittrick et al. 2002) means that many studies are collecting information on species for which there is little background information on general life history characteristics or strategies. The Petersen method of examining length-frequency distributions is most reliable for species with annual recruitment and relatively rapid growth, so that there is minimal overlap in adjacent size classes (Bagenal and Tesch 1978; McDonald 1987) . Many species have significant overlap in size classes. Many small-bodied species are fractional spawners; these species provide challenges in terms of estimating reproductive performance (FSEWG 1997) , and the production of multiple cohorts per season or year will confound age and growth estimation. Where it is available, existing literature on potential sentinel species should be reviewed before designing monitoring programs in order to avoid potential confounding factors due to the species or sampling season. The key characteristics for sentinel species for EEM include sufficient abundance, certainty of exposure (i.e., reduced mobility), relatively short life span, absence of fishing pressures, and easily measured life history characteristics (FSWEG 1997) .
For other small-bodied species, it may be possible to non-lethally measure age distributions directly through analysis of scales or fin rays. Scales can be read relatively accurately during the early years in most species, however reliability diminishes near maturity in the majority of species (Beamish and McFarlane 1987) . The accuracy of ageing based on these structures depends on a variety of factors including the presence of distinct growth seasons (as experienced by most northern and temperate species), proper storage and preparation of tissues and structures, and validation of the particular method. In most species, internal bony tissues are the most accurate ageing tissue, though methods can be age-and species-specific (Beamish and McFarlane 1987) .
A comparison of size-frequency distributions also provides information on reproductive performance of the fish. The range of the sizes of sculpin did not differ among sites on the Little River, but there were obvious differences in the frequency distributions, with smaller fish being relatively rare in the agricultural areas. The reduction in the calculated proportion of the population comprised by YOY sculpin confirms the same observation. Without further study, it is unknown whether the reduction in age-0 sculpin is due to a reduction in the reproduction of the mature fish, due to poor survival at either the egg or fry stages, or a combination of the two factors. Welch et al. (1977) conducted a survey of 33 streams in western New Brunswick to determine the effects of intensive agriculture and clearcut logging. They found a greater impact in the agricultural streams, with on average, 52% fewer trout, 64% less benthos, and 92% fewer sculpin. They attributed these lower numbers with chemical contamination of the streams and increased sedimentation. Fitzgerald et al. (1999) used creek chub (Semotilus atromaculatus) as a sentinel species to investigate the impact of urban and agricultural activities on small streams in Southern Ontario, and observed a near absence of age-0 creek chub in stream sections most affected by modified water quality and habitat. Follow-up work indicated that the mature females showed reduced fecundities, increased age to maturation, and increased non-viability of eggs in the ovaries.
In these collections, it was possible to measure growth and differences in body size between regions. Relative sizes (length and weights) of age-0 sculpin at the end of August were significantly different between sites and followed a gradient of increasing size downstream from the forested to agricultural lands. Slimy sculpin in this part of New Brunswick deposit their eggs in mid to late May. The summer months represent a period of significant mortality and most of the first year's growth is completed by the end of August ( Van Vliet 1964; Gray, Unpublished data) . It is possible to obtain growth information through non-lethal sampling by either: a) measuring the size of age-0 sculpin at the end of the first growing season, or b) by examining the changes in the size of modal distributions over sequential months of sampling. The sequential size frequency distributions for the slimy sculpin showed remarkable consistency from one collection to the next.
Estimates of growth rates from the youngest age class modes suggest that there is no appreciable difference in growth between forested and agricultural sites between August and November, suggesting that the difference in size occurs during the summer months. Potential explanations for differences in sizes of YOY sculpin among regions may be related to: (a) the stream gradient theory which predicts larger fish downstream (Vannote et al. 1980 ), (b) larger size-at-hatch for YOY sculpin downstream, (c) earlier hatching times downstream, or (d) increased growth rates between hatch and August.
In addition to information on age distributions, growth rates, and reproductive performance, information can be collected through nonlethal sampling on the overall condition of the fish. This study demonstrated few differences in condition factor between sites, but condition factor is commonly impacted in fish collected near pulp and paper mills (Munkittrick et al. 2002) . Van Vliet (1964) compared the condition of sculpin inhabiting a river site and a lake site and found considerably more variability in the river sculpin and concluded that it was likely related to the greater fluctuations in temperature, and also by the season, habitat, sex, and age of the fish. In a similar non-point source evaluation, Fitzgerald et al. (1999) also found no differences in creek chub condition from reference or impacted streams, despite finding differences in growth rates and impacts on reproduction.
Although there are a few studies that have investigated aspects of the ecology of the slimy sculpin, there is a paucity of literature available on this particular species, and few studies have utilized this species as a sentinel for monitoring environmental effects. Our descriptions of population size distributions over the year can provide some useful background information on life history of the sculpin. These data show little growth over the winter months, but significant growth in the smaller size classes between March and July, which continues into August when the new YOY sculpin appear in collections again. Van Vliet (1964) measured growth rates of immature slimy sculpin in Northern Saskatchewan and also found the greatest increases in the late summer, early fall, and late spring. Additional data are being collected from this study on age and size to maturity, fecundity, spawning times, body sizes, and longevity that will be useful in designing environmental monitoring studies.
Conclusion
The evaluation discussed in this paper was derived from information collected with non-lethal sampling. Using only measurements of length and weight, it was shown that there were differences in the size distribution and growth of slimy sculpin residing in streams influenced by agricultural inputs. Although non-lethal sampling will not fulfill all of the EEM requirements for the fish survey, it can provide important information on the age structure, growth, reproductive performance and energy storage of resident fish. This information can then be used to design more focused studies to avoid excessive lethal sampling.
